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© Magnetic resonance device with a selectable gain signal amplifier. 



© In MR systems use is made of RF receivers 
having a noise number which strongly depends on 
the adjusted receiver gain. 

This gain remains constant during the acquisition of 
measuring data, so that the relative SNR of the 
images obtained is dependent of the amplifier set- 



ting. In accordance with the invention, during the 
acquisition the receiver gain is switched over in 
dependence of the signal strength, so that in princi- 
ple every data set of the various measuring cycles 
has an optimum SNR. 
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Magnetic resonance device with a selectable gain signal amplifier. 



The invention relates to a magnetic resonance 
device for determining a nuclear magnetization dis- 
tribution in a region of an object, which device 
comprises 

a) means for generating a steady, uniform 
magnetic field, 

b) means for generating RF electromagnetic 
radiation in order to generate magnetic resonance 
signals, 

c) means for generating at least one gradient 
magnetic field with an adjustable gradient direction 
in order to influence the magnetic resonance sig- 
nals, 

d) a detection chain comprising a signal am- 
plifier for detecting, amplifying and sampling the 
resonance signal during a measuring period, and 
an analog-to-digital converter which is connected 
thereto, 

e) processing means for processing the 
sampled resonance signals, 

f) control means for controlling at least the 
means specified sub b) to e), resonance signals 
being conditioned during a preparation period pre- 
ceding the measuring period, the control means 
supplying the means specified sub c) with control 
signals for adjusting the strength and for the dura- 
tion of at least one gradient magnetic field such 
that the integral of the strength of the gradient 
magnetic field over the preparation period is dif- 
ferent, for each conditioned resonance signal to be 
sampled, and 

g) adjusting means for adjusting the gain of 
the amplifier. 

A device of this kind is known from British 
Patent Application No. 2,177,861. In such a mag- 
netic resonance device an N-dimensiona! data set 
is recorded, producing the desired image or spec- 
trum after an N-dimensional Fourier transformation. 
Subsequent to an excitation pulse, various so- 
called spin echoes can be produced by means of 
180° echo pulses or by continuously switching over 
the measuring gradient field after each measuring 
period, each of said spin echoes being sampled 
and producing a set of data for said N-dimensional 
data set. Because of gradient magnetic fields ap- 
plied during a preparation period and because of 
T2 relaxations and/or field inhomogeneities, the in- 
tensity of the various resonance signals will differ. 
The greater the influence of the magnetic gradient 
fields, field inhomogeneities and the longer the 
time during which the T2 relaxations can occur, the 
weaker the magnetic resonance signals will be. In a 
conventional magnetic resonance system in which 
a nuclear spin density distribution is determined, a 
set of data having an index n determined by the 



time integral over the preparatory gradient mag- 
netic field is obtained by sampling a resonance 
signal influenced by a preparatory gradient mag- 
netic field during a preparation period. During the 

5 successive measuring cycles this integral should 
have different values which form an arithmetical 
series n.A. The value of n then ranges, for example 
from -127, via 0 to + 128 when an image com- 
prises 256 "pTxels in a direction defined by the 

io gradient of the preparatory gradient magnetic field. 
The signal to be sampled for the data set 0 (no 
influencing by a preparatory gradient magnetic 
field) will have the highest amplitude. The signal 
amplitudes of the signals to be sampled will de- 

75 crease very quickly, notably in the present case, as 
a function of the data set index n (certainly for n > 
2). Thus, for the images to be reconstructed the 
strongest signals are concentrated in the central 
five data sets (-2 < n < 2) and the signal level for 

20 the remaining data sets will be at least a factor ten 
lower. The adjusting means are used for adapting 
the receiver chain to varying signal strengths over 
echo resonance signals for difference MR images 
in the case of multiple-echo or multiple-slice pulse 

25 sequences. Witin an image the gain remains con- 
stant. 

A publication by R. Ernst in Journal of Mag- 
netic Resonance, Vol. 4, 1971, pp. 280-296 states 
that the effect of the quantization noise (the noise 

30 added to a signal upon its conversion from analog 
to digital form) is negligible when the noise level of 
the signal on the input of the analog-to-digital con- 
verter is effectively at least equal to the least- 
significant bit ( = quantization step). When an ana- 

35 log signal is too strong, its amplitude will have to 
be adapted to the range of an anaiog-to-digital 
converter, implying an attenuation of the signal. As 
a result, the analog-to-digital converter adds noise 
in the form of quantization noise to the signal. The 

40 foregoing can be avoided by taking steps which 
limit the signal dynamics but which have the 
drawback that they require additional hardware or 
additional signal processing. In a magnetic reso- 
nance apparatus the receiver is switched over to a 

45 lower gain or a higher gain during acquisition of 
successive echoes in order to drive the analog-to- 
digital converters to full output. The noise factor of 
the overall receiver will increase as the receiver 
gain factor decreases. The signal-to-noise ratio of 

so the images will then be a function of the gain 
setting of the receiver. In the above case the 
signal-to-noise ratio will be far from optimum. 

In the case of a low gain factor of the receiver 
which will be selected notably for forming a 3- 
dimensional image and/or for the imaging of thick 
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slices, the noise factor will be increased by several 
dB, so that a loss amounting to tens of per cents 
occurs in the signal-to-noise ratio. The foregoing is 
a rather universal problem which is becoming more 
serious because of the increased strength of the 
signals to be processed due to improvements in 
the magnetic resonance receiver coils. 

It is an object of the invention to provide a 
magnetic resonance apparatus in which steps are 
taken to minimize the deterioration of the image 
quality due to the poorer signal-to-noise ratio upon 
reception of the resonance signals of strongly vary- 
ing strength. 

To achieve this, a magnetic resonance device 
in accordance with the invention is characterized in 
that the adjusting means are arranged so that the 
gain has a value such that the noise factor of the 
detection chain and the analog-to-digital converter 
connected thereto is substantially independent of 
the gain for values of said integral where no over- 
driving of the detection chain occurs due a reso- 
nance signal received or to be received, that the 
gain is adjusted to a lower value should overdriving 
occur and that the resonance signals measured at 
the lower and/or higher values of the gain are 
corrected as regards amplification or as regards 
amplification and phase. In such a magnetic reso- 
nance device only a limited number of the total 
number of signals to be measured is measured 
with a comparatively poor noise factor, most reso- 
nance signals being measured and processed with 
a good noise factor. The amplitude and phase 
correction can be performed before as well as after 
the Fourier transformation of the measured reso- 
nance signals. A drawback of the proposed mag- 
netic resonance device could consist in that the 
noise character of the images is no longer uniform 
in the pseudo time direction. This is due to the fact 
that the magnetic resonance signals having a poor 
noise character are situated notably in the range of 
the better visible low image frequencies and not in 
the range of the higher image frequencies. 

It is to be noted that the relationship between 
noise factor and gain of an MR detection chain and 
the insertion of a variable attenuator in the detec- 
tion chain are known per se from the article "AN 
NMR Preamplifier Modification Provides Increased 
Proton Sensitivity" in JMR. Vol. 78, No. 3, July 
1988, pp. 574-576. However, the MR system de- 
scribed in said article concerns a system for spec- 
troscopy. No relation is established with imaging 
MR systems. 

The described problem is mitigated in an em- 
bodiment of a magnetic resonance device in accor- 
dance with the invention in that the processing and 
control unit is programmed so that measuring cy- 
cles executed with a low gain are repeated, the 
resonance signals of these measuring cycles which 



have passed the analog-to-digital converter being 
averaged. In the described magnetic resonance 
device an equal noise power is obtained per 
averaged resonance signal as a result of the com- 
5 paratively more frequent measurement of the sig- 
nals having a poor noise factor and their averaging. 
This results in a more uniform noise character of 
the images. 

To achieve this, an embodiment of a magnetic 
10 resonance device in accordance with the invention 
is characterized in that the processing unit com- 
prises an amplifier setting register in which gain 
settings are stored which are determined on the 
basis of at least one resonance signal generated 
;s during a test measuring cycle executed prior to a 
measurement. 

A preferred embodiment of a magnetic reso- 
nance device is characterized in that the amplifier 
has only two gain settings. 
20 The invention will be described in detail 

hereinafter with reference to the drawing; therein 

Fig. 1 shows a magnetic resonance appara- 
tus in accordance with the invention, 

Fig. 2 illustrates a known measuring cycle to 
25 be executed by the apparatus shown in Fig. 1, and 
Figs. 3a and 3b show gain factor diagrams 
as a function of the index of a data set to be 
measured in a measuring cycle. 

A spin resonance apparatus as shown in Rg. 1 
30 comprises a magnet system 2 for generating a 
steady magnetic field BO, a magnet system 4 for 
generating magnetic gradient fields and power sup- 
ply sources 6 and 8 for the magnet system 2 and 
the magnet system 4. respectively. An RF magnet 
35 coil 10 serves for generating an RF magnetic al- 
ternating field, for which purpose it is connected to 
an RF source 12. For the detection of the reso- 
nance signal generated by the RF transmitter field 
in an object to be examined, use is made of a 
40 receiver coil 13; to this end, this coil is connected 
to a signal amplifier 14. The signal amplifier 14 is 
connected to a phase-sensitive rectifier 16 which is 
connected to a central processor unit 18. The cen- 
tral processor unit 18 processes the signals sup- 
45 plied by the phase-sensitive rectifier 16 and cal- 
culates therefrom an image of a region of the 
object which is to be arranged in an examination 
space 28. Images of this kind can be displayed on 
a monitor 22. The central processor unit 18 corn- 
so prises a central control unit 18B which controls a 
modulator for the RF source 12 and the power 
supply source 8 for the gradient magnet coils 4 
and which adjusts the gain factor of the signal 
amplifier 14. The amplifier 14 may be actively 
55 controlled or may consist of a fixed amplifier com- 
prising an adjustable attenuator in the amplification 
path. An RF oscillator 24 controls the modulator 20 
as well as the phase-sensitive rectifier 16 which 
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processes the measuring signals. The transmitter 
coil 10 which is arranged within the magnet sys- 
tems 2 and 4 encloses an examination space 28 
which is large enough to accommodate a patient to 
be examined in the case of a magnetic resonance 5 
device for medical diagnostic purposes. Thus, a 
steady magnetic field BO, a gradient magnetic field 
for slice selection and a spatially uniform RF al- 
ternating field can be generated within the exami- 
nation space 28. After the generating of an RF w 
magnetic field, the RF coil 10 will be quickly de- 
activated because subsequently the resonance sig- 
nal generated must be detected, for example by 
means of the detection coil 12. 

The invention can best be illustrated on the 75 
basis of a frequently occurring simple measuring 
cycle which is diagrammatically shown in Fig. 2. 
Fig. 2 shows various signals as a function of time 
which occurs during this measuring cycle. The 
amplitude ratio of these signals is not shown in 20 
proportion in the amplitude direction. The measur- 
ing cycle commences with a 90° pulse P1 at the 
instant tO which is followed at the instant t1 by a 
second RF pulse P2, being a 180° pulse, thus 
generating a spin echo signal E whose centre will 25 
be situated at the instant t3. The interval between 
tO and tl is equal to the interval between t1 and t3. 
Between the RF pulses P1 and P2 usually two 
gradient fields, i.e. Gx and Gy1 are applied and 
during a sampling period after the RF pulse P2 a 30 
measuring gradient magnetic field Gy2 is applied. 
The gradient magnetic fields Gy1 and Gy2 are 
constant for each measuring cycle. As is known, 
the integral over the time tO-tl of the gradient field 
Gx has a different value for each measuring cycle. 35 
For the echo signals for which this integral has a 
value zero or a comparatively low value, the echo 
signal E will exhibit a comparatively high ampli- 
tude. The integral of the gradient field Gx over the 
period tO-tl in the successive measuring cycles is 40 
stepwise varied, the step size of said integral being 
the same for the various measuring cycles. When 
the integral has the value zero, the data set having 
the index 0 is measured. When the integral has the 
value of a first step which may be negative or 45 
positive, as indicated in Fig. 2, the data set having 
an index 1 or -1 is measured. When said integral 
over the gradient field Gx amounts to n steps, the 
data set having an index n is measured. In an 
embodiment of the magnetic resonance device in so 
accordance with the invention the gain of the signal 
amplifier 14 is stepwise varied, under the control of 
the control unit 18B, in dependence of the absolute 
value of the index number n as shown in Fig. 3. 
For the index 0 the gain A is lowest, it being larger 55 
each time for the indices |1| and |2| and being 
constant for the indices |n| > 3. This is because in 
the present embodiment for the index number 3 a 



setting of the signal amplifier 14 is obtained where 
the signal noise of the signal measured has be- 
come substantially independent of the effect of the 
quantizing of the measured signal upon conversion 
by the ADC in the receiver chain. The index-depen- 
dent adjustment of the signal amplifier 14 can be 
implemented in various ways. For example, dif- 
ferent settings of the signal amplifier 14 can be 
stored in a table, the type of measurement, such as 
3-dimensional multiple slice or single slice, the set 
of parameters of RF pulses to be used for the type 
of measurement, gradient fields to be applied, etc. 
and a parameter in the form of an estimate of the 
object in the examination space being used for 
selecting the gain factor for the various data sets to 
be measured which factor is adjusted under the 
control of the control unit 18B. 

A second, more practical implementation is the 
following. Some test measurements are performed 
on the object arranged in the examination space 
28, these data sets are then measured for which 
the signal strengths of the resonance signal to be 
generated are highest. In dependence thereof, gain 
factors can be determined on the basis of the data 
set measured, said factors being stored in a table 
and, as soon as the actual measurement commen- 
ces, the appropriate gain factor is read from the 
table in order to adjust the signal amplifier 14 
during the execution of a measuring cycle with the 
relevant data set index number. 

A further possibility of estimating the ampli- 
tudes to be expected during the successive mea- 
surements of resonance signals in consists of a 
single test measurement during which no prepara- 
tory gradient magnetic field is applied. The reso- 
nance signal is generated, for example by means 
of a spin echo method and is sampled in the 
presence of a measuring gradient magnetic field. If 
in the gradient direction of the measuring gradient 
magnetic field the object has the same type of 
properties (type(s) of matter and distributions there- 
of) as in the preparatory gradient magnetic field 
direction, the signal sample associated with the 
image frequency |kx| = 1; |kx| = 2 etc. offers a 
suitable estimate of amplitudes to be expected for 
the data sets having the index numbers 1 and -1; 2 
and -2; etc. 

Evidently, it is also possible to omit the test 
measurements and to check during each measure- 
ment whether the generated amplitudes are too 
high to be processed via the ADC. If this is the 
case, the measurement is repeated, the signal am- 
plifier then having a lower gain setting or an at- 
tenuator connected to the signal amplifier having a 
higher attenuation. The foregoing is attractive nota- 
bly if the gain of the resonance signal has only two 
values: A1 and A2 as shown in Fig. 3b. 

The foregoing means that in the present exam- 
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pie the measuring cycles having an index |n| * 5 
are repeated and ?JI measuring cycles for which |n| 
£ 5 are not repec-«d. Furthermore, an analog-to- 
digital converter (mDC) 18C should apply not only 
the digitized resonance signal via the connection 
19A but also an overflow signal (in a case of 
excessively high amplitude of the resonance signal) 
via the connection 19B to the processing device 
18*B. so that the processing device 18B can suit- 
ably adjust the signal amplifier 14. 

Claims 

1. A magnetic resonance device, for determin- 
ing a nuclear magnetization distribution in a region 
of an object, which device comprises: 

a) means for generating a steady, uniform 
magnetic field, 

b) means for generating RF electromagnetic 
radiation in order to generate magnetic resonance 
signals, 

c) means for generating at least one gradient 
magnetic field with an adjustable gradient direction 
for influencing the magnetic resonance signals, 

d) a detection chain comprising a signal am- 
plifier for detecting, amplifying and sampling the 
resonance signals during a measuring period, and 
an analog-to-digital converter which is connected 
thereto, 

e) processing means for processing the 
sampled resonance signals, 

f) control means for controlling at least the 
means specified sub b) to e), resonance signals 
being conditioned during a preparation period pre- 
ceding the measuring period, the control means 
supplying the means specified sub c) with control 
signals for adjusting the strength and/or the dura- 
tion of at least one gradient magnetic field so that 
the integral of the strength of the gradient magnetic 
field over the preparation period is different for 
each conditioned resonance signal to be sampled, 
and 

g) adjusting means for adjusting the gain of 
the amplifier, characterized in that the adjusting 
means are arranged so that the gain has a value 
such that the noise factor of the detection chain 
and the analog-to-digital converter connected 
thereto is substantially independent of the gain for 
values of said integral where no overdriving of the 
detection chain occurs due to a resonance signal 
received or to be received, that the gain is adjusted 
to a lower value should overdriving occur, and that 
the resonance signals measured at the lower 
and/or higher values of the gain are corrected as 
regards amplification or as regards amplification 
and phase. 

2. A magnetic resonance device as claimed in 



Claim 1, characterized in that the signal amplifier 
has only two gain settings. 

3. A magnetic resonance device as claimed in 
Claim 1 or 2, characterized in that for a measuring 

5 cycle for determining a data set having an index 
number in excess of a predetermined value a high- 
er signal amplifier gain can be adjusted. 

4. A magnetic resonance device as claimed in 
Claim 1 or 2, characterized in that the processing 

io device comprises programmed means for repeat- 
ing a measuring cycle and for adjusting a lower 
amplifier gain in the detection chain after reception 
of an overflow signal from the analog-to-digital con- 
verter. 

75 5. A magnetic resonance device as claimed in 

Claim 1 or 2, characterized in that the processing 
and control unit is programmed so that measuring 
cycles executed with a low gain are repeated, the 
resonance signals of these measuring cycles which 

20 have passed the analog-to-digital converter being 
averaged. 

6. A magnetic resonance device as claimed in 
Claim 1 , 2 or 3, characterized in that the process- 
ing unit comprises an amplifier setting register in 
25 which gain settings are stored which are deter- 
mined on the basis of at least one resonance signal 
generated during a test measuring cycle executed 
prior to a measurement. 

30 
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